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Description 



COUAGEN PRODUCTS. PROCESSES FOR THE PREPARATION THEREOF AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING THE SMIE 

The present invention relates to storage stable lyophllized collagen products, processes forthe preparation 
thereof and pliarmaceutical compositions containing the same. 
5 Wound healing has been a phenomenon which has concerned manldnd from the inception of his very 
existence. Physicians, biologists, biochemists and those skiiled In other disciplines have endeavored to 
understand this phenomenon In OKter to provide better methods and devices to promote such healing. In 
addition to healing as a chemical and mechanical function, wooers have endeavored to understand wound 
healing in order to provide a finally healed wound with the minimal traces of such trauma. Thus, worlcers have 
10 endeavored to eliminate and reduce scar formation, particularly in the field of bums and excision wounds. 

The understanding of wound healing has led to various compositions and methods wrtiich have enabled 
faster healing with minimized scar formation. Collagen has always been recognized as of importance In wound 
healing This is because collagen is the main constituent of sWn and has always been recognized as a logical 
ingredient of necessity during the course of wound healing In order to repair tissue. The role of collagen in 
15 wound hearing is more fully described In 'Wound Healing" by Shmuel Shoshan. International Review of 
Connective Tissue Research . Vol. 9(1981), pages 1-26. ...... u 

CoBagen constitutes the connective tissue and is the major type of fibrous protein in higher vertebrae. 
Collagen In Its natural state exists in a triple chain helix along with a constant periodicity between aligned triple 
chains. The triple helical configuration of collagen molecules align In fibrils with an axial periodicity of about 640 

Although there are several types of collagen, the major type Is refered to as "type I" whk* is the m^or 
collagen of skin, bones and tendons. The type I collagen has a chain composition of I KDa 2]. The 1 (i) and 2 
chains are homologous. ... ._, , j « 

In young animals there Is relatively little intermolecular crosslinking which provides for some degree of 

^ solubility of the collagen. However, during the aging process there Is a relative Increase in steble 
intemiolecular crosslinks, thus making most of the collagen Insoluble. 

Collagen in purified forni has been recognized In wound healing. Thus collagen, in substanteUy pure form 
and in its fibrous form, has been proposed for many uses including for bum dressings as Is disclosed In U.S. 
Patents Nos. 3.939.831 and 3.514,518. and similar medical applications as Is disclosed in U.S. Patents 

30 Nos 3 157.524 and 3.628.974. In these medical applications, the collagen In sheet or fibrous fomi is uttlced n 
external application to the wound or bum to promote healing. primary advantage of the coUagen in this 
form is that It acts as a hemostat to coagulate blood and also to form a substrate for cell growth. 

In another aspect of the utilization of collagen for wound and bum treatment, collagen soluHons enriched 
virtth various biologically active materials such as antibiotics, nutrients and the like have been found to enhance 

35 wound healing In many fields such as In tooth Implants, bums, excision wounds and tendon repair. These 
devetopments are reported in 'Imprxwement of Gliding Function of Flexor Tendons by Topically ApHed 
Enriched Collagen Solution" by Porat et al.. The Journal of Bone and Joint Surgery . Vol. 68-B. No, 2 (May 1980). 
pages 208-213; "Enhanced Healing of Tooth-Pulp Wounds In the Dog by Enriched Collagen Soluton as a 
Capping Agent" by Blmsteln et al.. Archs Oral Biol.. Vol. 26 (1981). pages 97-101; Hie Effect of Enndied 

40 Collagen Solutions on Scar Formation InTWrd-Degree Bums in Animals After Early Surgical Bcdslon of the 
Slough- by Shoshan et al.. Bums. Vol. 3. No. 3. pages 153-158; and "Biological Arichoring of Aj^rtte Tooth 
implants In the Dog Using Enriched Collagen Solutions" by Jaffe et al.. Archs Oral Biol.. Vol. 23 (1978). pages 
415-419. This reported work with enriched collagen solutions demonstrates that such collagen solutions are 
effective in promoting wound healing and reduced scar fonnatlon. Briefly, the enriched collagen solution Is 

45 introduced into the wound and collagen fibers fomi at in vivo temperatures which promote cell growtti. act M a 
coagulant and have ttie necessary chemotactic properties to attract cells and promote wound healing. The 
necessary characteristics of such enriched collagen solutions primarily are tiiat tiiey are in solution at ambient 
temperature. i.e. IS'C to about 30'C; however, at Insrivo temperatures. i.e. above 35''C. fibers are formed. 
Thus, in treating wounds with tiie enriched collagen solution, the solution at below 35»C Is applied to tiie 

so wound in liquid form so as to penetrate ttie wound and closely associate with ttie tissue and upon rts heating to 
the in vivo temperature, fomis collagen fibers which function as a wound healing agent As a practical m^er. 
it hsibeeh found that such enriched collagen solutions stay in solution fonn at temperatures between 0 C and 
34''C. while at temperatures above about 34°C or 35°C dissolved collagen molecules aggregate and form 
fibers, which turns the solution Into a semisolid gell. 

55 Although ttiese enriched collagen solutions have been found to be effective in wound healing their practica^ 
use has been limited due to problems wrth storage stability and time required to prepare these enriched 
collagen solutions. Typically, four to five days are required to prepare the enriched collagen solutiorrs. and 
flius such solutions must be prepared well In advance of wound treatment It was found ttiat such solutions 
could be prepared and stored at 4»C and In a deep freeze at -20»C and retain stabinty up to 12 weeks The 

60 rnK,n« ^"r stabilitv was tiiat tiie solutions, when heated to In vivo temperatures, would form ttie collagen fibere. 
After 12 weeks storage. Uiere was a noticeable reduction In fiber formation at In vivo temperatures, ttjus 
substantially reducing tiie effectiveness of tiie enriched collagen solution for wourid healing. 
After forttier researxsh and developmem It has been found tt«t In fact tiie wound heaHng process can be 
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divided Into five phases: 

1. tiemostasis; 

2. inflammation; 

3. cdla^en synthesis and anglogenesis; 

4. epitheazatiQn;and 

ImmedSlvafter Sry piatsiets whioi) coroe in contact with the inlury site become activated and aggregate 
to form a temporary plug to control blood lo§s. The coagulation cascade is also activated, resuiting ir) a fibrin 
meshvifork which makes a mechanically strong, more permanent plug of . the injured vessel. 

Within hours of inlury phagocytic polymorphonuclear ceils. (PMNs) move Into the wound area to remove cell 
debris necrotic tissue and foreign bodies. These cells are then replaced by macrophages, which are also 
Phagocytic cells and which perform the sarne functions as the PIWINs that preceded, them 

Once the wound bed has been debrided. fibroblasts move In from the periphery and base of the wound apd 
lay down new connective tissue, primarily collagen, prgteogiycans and glycoproteins such m fibronectTn. 
These fibroblast-secreted macromolecules maJ<e up the extraielluiar matrix of the tissue that fills the space 
created by the wound. In onler to sustain the highly cellular and synthetically active tissue, endothelial cells 
migrate into the tissue to form a rich network of capillaries supplying oxygen and nutrients and remcwing 
carbon dioxide and metabolites from the newly forming tissue Bed "granulation tissue'). 

When the process of filling the wound space with extracellular matrix Is complete two processes take place : 
epithelial cells migrate from the wound edges to provide thefinaicenularcover:andrt^^ 
In the fibroblast population and In vascularity occurs, and the tissue assumes the characteristtehistoiogy of a 

*R^om the above description It Is evident that cells move in and out of the wound area and that they dp it in a 
reaular predetermined sequence. ^ ' ^ i. u 

In accordance with the present invention It has now been found that the process of wound healing can be 
enhanced by a composite of collagen and factors obtained from ptetelets. 

More partcularly the present invention provides a storage stable lyophillzed collagen product comprising 
add soluble purified native collagen In combinatibn with piatelet derived growth facto^ 

•N^e coltegen" as used herein means and refers to collagen which retains its triple helical tertian^ 
stnicture and Is soluble in water in acid media, and is capable of (pfming a fibrou? s^^^f® 
tevels ionic strength and temperatures. The native collagen whiph Is u$e(bl In the practice of the Im/ention Is 
Sed Sd TohJble native wilagen from a mammalian souree. and preferabjr bovine native ^O^en 
tSv methods for preparing acW solubilized nativp collagen are kn^ 
STSSon LeLen proposed and utilte^^^ 

^IWSSSe ii^ sodium sulfate to control the swelling of the fibers. The «,dium ^o'^'''^ 

Sfate eSmlnate the crosslinkages to provide add solubirizatlon. Typical add soluble colfagens are dlsdosed 

in U.S. Patent No. 4.097,234. U.S. Patent No. 3.637.642 and British Patent No. 1f7l.561. 

TyplcSly. the starting native collagen solution Is at an addle pHandat aooncenttation of about 0.15 to OJ 
perceSds by weight in water, ^e collagen solution should not be below 0.15 percent by wefght Jn^ 
SSdent fibers ie not fomied in vivotoprovide Ideal wound healing conditions. Aboutp^^ 
the cdlflflsn sdution tends to'belupersaturated, thus presenting problems In handling. 

ujSS^rsuSiU puii^coltegen sdution at the acidic pH^the f l^f^J^.^^'tyj^^^^^^^^ 
abour7.4toabout7.6 which correspondstothe physiological pHlnwv^^ 
sodium or potassium phosphate buffer and sodium chloride adutlpn buffered with Tris. 

Irl a preferred emb<xliment of the present invention said product further comprises a perfIuorocart)on 
eomnound and a non-to>*J phannacongcally acceptable emulsifying agent therefor. . ^ , 

Klwoirtjon W.(X)unds ar« den^e liquids of a low surface tension, immiscible wtth water. Their 
bloreS^mTo^^nis'^mthelrabimy to 
p Sure (water dissolves only 2.30/0 oxygen by volume).The8ecQmpound^^^ 

knd releasing agents thus serving as temporajy substitutes for blood In severe oases <^^^^ ^ 
techemia The chemistry, btology and different uses of the perfiuoro chemicals are summanzed in 
inSSesS; JSnS^^ Spring 1985. To the best of our knowledge no attempts have been made as yet to 
use PFC for enhandng tissue repair either alone or In combination vidth other substances. 

Preferably said perfluorocart)on compound is selected frorn perfluprotripropylamlne ds- anj trans-peifluo- 
rodecalln. perfluoroisopentyltetrahydropyrane. perfluoro44.rWlmetJvlcydohexyl amine. Pf'"''";^-"!^'^ 
decallne ^nd perfiuorotribuilamine. Espedally preferred perfluorocarbon W''^PO""''s for usein the pre^^ 
Jiventlon are selected from dsi)erfiuor6decalln.transiDeifluorodecalin.perfl^^^ 

tripropylamlne and perthioro-trlbutylamlne. 

Preferably said emulsifying agent Is selected from ledthln. Tween 80 and Pluronic 
■ The Invention also provides a phamwceuBcal ot veterinaiy composition fnf^nc'ns ^und he^g 
comprising an aqueouS solution of water soluble add^luble purified native collagen and platelet derived 

^aS Sde'd Is a phannaceutfcal or veterinary composition for enhandng wound healing as hereinbefore 
deflSl c?mprts?S^ «f a pelorocarbon compound and a non-toxic phannacologically 

acceptable emulsifying agent. 
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For preparing the products of the present invention there is provided a process P'«P^"9 *^;°2h 
s4te lyoSSd conagen product comprising acid soluble purified native collagen In combination with 
platelet derived growth factors comprising: 

"S'S^CS gelS"J Je'J^erJ^^^^^ about 0 to 4-C fbr a period of about 60 to 120 minutes. 

"^djSif u^Cthe Sg'^^^^^^^^ RPM for 15-25 min, to remove Insoluble collagen. 

10 platelet membw.es and ceil debris whereby there is obtained a supernatant containing soluble collagen 

and platelet release products, and 
ellyophfflzlngsaidsolutlontofonnastablelyophilizedproduct ^ ^ r j 

Alternatively aprocessfbr preparing a storage stable lyophilized collagen product as herein before defined 
comprises the additional step of combining the solution of step d with an emulsion 
IS compound and a non-toxic pharmacologically acceptable emulsHying agent arid then lyophtlizing the resulting 
emulsion solution to form a stable lyophilized product. . ^^aa^ a «r««a«e 

For preparing phamiaceutlcal or veterinary compositions ready for use there is provided a process 

comprising: 

"S'SISTS ger^Smpsnm- of about 0 u. 4-0 for . p«tod .rf *«« 60 120 

whereuDon said gel undergoes dissolution; , , . , 

dicentrifuging the resulting solution at 15.000-35.000 RPMfor15-25min. to remove Insolu^ 

25 platelet membranes and ceil debris whereby there Is obtained a supernatant containing soluble collagen 

^"e)?oSi^n^Sd''SiSon with a perfluorocartKwi compound and a pharmacologically acceptable 

^T'iSuSmdlMUiar oxygen into said solution to combine w«h said perfluorocartion co^jjound. 
30 Whereby said perfluorocart)on compound serees as an oxygen carrying and releasing agent In said 

AsTidfi^orted by Elaine W. Raines et al. in Mettjods of Enzymology VoL 109 (J^) PP-JJJ^f; 
Platelet-deriJed growth factor (PDGF). a 30.000 molecular weight glycoprote n ^leased from the f^et 
during coagulation, has been shown to be one of the principal macrornolecules In whole 5"~f«^"f",^ ! 

35 of stiLlating DNA synthesis and cell growth In connective tissue cells invttro, Atthough the ^ "^J^i^ 
has been purified and characterized as PDGF by all four laboratories woridng on the platelet mitogen. PDGF 
aSu^ fb^a^oS^tely 500A. of the mitogenic activity found In platelets. The o*er 50% '"^S 
more than one growtt, fairtor. already known. e.g.. TGF^) and probably more to be discovered As a potent 
mitogen for fibFoblasts and smooth muscle cells that Is released focaUy a sttes of Injury. PDQF P^ a 

40 physiologic role In wound heaflng and tissue repair and a pathologic role In the fbrniaBon of lesions of 

^^iS^T^SijarBtion and benefite of PDGF are already known and described In the HteraUire. e.g. TOT 
Appln. Pub. no. WO-88/03122. however. Its combination for simultaneous application with collagen not as a 
^.^ier but as a sole platelet activating agent has heretofore not been suggested. It te »^P«,;^ tfj^*^ 
although each component of the composite can by Itself enhance somewhat the healing process, the 
combination produces far superior results, as described hereinafter. 
Thus, the Invention also provides, inter alia ^„».,i„i.^ maHi«mmnt 

(a) the use of platelet derived growth factors In the manuliaoture of a collagenH»ntalning medicament 

forthe enhancement of wound healing. . , w n.. -Ah «iatetonifth 

(b) the use as defined In (a) above wherein an add soluble collagen Is Initially mixed with platelet rich 
plasma to derive said platelet growth factors. ^ w j. * i-4i,»f«ii««in« 

While the invention will now be described in connection witii certain P^f^** e'"^*"*'"™? ^^SSf 
examples so that aspects thereof may be more fully understood and appreciated It snrt^^^^ 

invention to these >rflcular embodiments. On tiie contrary, it is Intended to cover a^' a'^'natives 
55 modifications and eqVh«lente as may be Included within the scope of tj^j^^^^f °" f^^J^^^^^ 

appended claims. Thus, the following examples which include preferred embodimente will serve to niiefrate 
the practice of this invention, it being understood ttwt the particulars shown are by way of sample aid tor 
purposes of Illustrative discussion of preferred embodiments of ttie present Invention onty anf are presented 
in the cause of providing what is believed to be the most useful and readily understood descnption of 
60 formulation procedures as weH as of ttie principles and conceptual aspects of the Invention. 

^SSSi^SSnansourcecanbeusedlnthetoHowlngEx^^^^ 
65 Bovine sMn collagen digested with pepsin. This Is an artkde of commerce (Zydemi. manufactured by 
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Collagen Com.) and is composed of acid-soluble bcwine skin collagen. ^, ^ • 

2. Bovine skin collagen, add-extracted and purified by NaO precipitaHon. as described in Methods in 
Enzymology. voi. 82. p.3-217, Academic Press. 1982. 

^fh?i?souroes of platelets were used: human blood, rabbit blood and bovine blood. Piatelet-rich plasma was 
obtained by centrifugatlon of blood at 800 g for 10 minutes. 

Platelet Release 

Platelet release was accomplished using a variety of techniques: r.nn , mon 

1 Thrombin. 1-5 units, was sufficient to cause the release reaction in about 50 ml of PRP. After 30-60 

minutes of Incubation with thrombin the PRP was centrifuged at 20.000 g to remove platelet membranes and 

csll debris 

Z Collagen at a concentration of 1-3 mg/ml was mixed with PRP. with concentrations of platelets ranging 15 
from the concentration present in normal serum to a concentration approximately 66-fold that The mocture 
was incubated at aT" C for 30 minutes. This resulted in the formation of a solid gel. At the end of the incubation 
oeriod the gel was cooled to 4''C for 30-90 minutes. This resulted in its dissolution. The collagen solution was 
then centrifuged at 20,000 g to remove insoluble collagen, platelet membranes and cell debris. The 
supernatant contained soluble collagen and the products of the platelet release reaction. 20 

The supernatant can either be used Immediately, or stored as such In the cftid above freezing temperature, 
e g between 0 - +5<'C up to one week, or freezed-dried for later use for up to 12 months, stored in a deep 
fiieezerat-20«C. Thus allquots of 5 ml of the supernatant are distributed In 10ml vials frozen at -70»C and dned 
under vacuum (lyophfflzed). All procedures are carried out under sterile conditions When needed^the dried 
material contained in the vial Is reconstituted with 5ml sterile cold distilled water and appted onto the wound. 2S 

3 Other substances that cause the platelet reaction in a specific way are epinephrine. ADP and arachWonic 
acid Nonspecific treatment of platelets can also be utilized to effect the release of their contents, for instance, 
reputed (Jdes of freezing and thawing, use of detergents, disruption of the platelet membrane by use of 

*'*A??e'SriSd^herelnbefore the supernatant solution containing soluble collagen and platelet release 30 
products including PDQF Is preferably further modified by the addltton of about 0.15^.30 ml of a 
peifluorocarbon emulsion consisting of 20Wo of pertluorodecallne. perfluorotributjgamlne or a combination 
of both or other perfluorocarbons in lecithin or other emulslfiers and saturating it with nwlecular oxygen by 
streaming-in for 1-^ minutes using a syringe needle. 

^^^m binatlon of collagen and platelet release products containing PDQF was tested for wound healing 
activity by impregnating it into polyvinyl alcohol (lvalort») sponges which were 

Ss. Aftc? a penSd of time (seven days) the PVA sponge was retrieved from the animal hte^ologically staged 
and mkJTOScopteally examined for invasion of cells and deposition of extracellular matrix in the sponge spaces. 
The extentof flbrx)blast and endothelial cell infittration is ameasure of the abUity of the composition to promote 
heallna bv attraction of repair cells into the area. 

In one group of experiments using the fn-vivo test technique outlined above 
sponges Impregnated with collagen (2 mg/ml) atone In saline or collagen (2 |"8^f « J^f^"^^^^ 
various concenUons of platelet release products were Implanted In test animals After f even <la^^^^ 
Implants were removed and examined microscopically to detemilne the degree of fi^^^optela (fl^^^^^^ 
Infittration). anglogenesis (endothelial ceil Infiltration) and inflammation. The slides were read In a blind fashion 
andS?e^s^^^^^ a scale of 1-4. in which 1 denotes little or no Infiltration (by fibroblasts. vessels or 
Inflammatory cells, as the case may be) and 4 denotes an extreme degree. Table 1 below sets forth the resufts. 
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Preparation fibro- angiogen- inflamma- 

esis Hon 



sponge only 1 1 2 

5 sponge + 2 2 1 

collagen 

sponge + col- 2 2 1 

lagen+ pla- 
telets 
W (500.000/mm3) 

sponge + col- 3 3 1 

Iagen+ pla- 
telets 

(3.3x106/mm3) 
75 Sponge + col- 4 4 3 

lagen+ pla- 
telets 

(33x106/mm3) 

^ From the above It will be noted that compositions including platelets between 3.3 x lO^/mmS and 33 x ^OVmrrfl 
gave superior results In terms of fibroplasia and anglogenesls. 

^^'capacity of the platelet products to attract fibroblasts was independently tested in the Boyden chamber 
(Boyden. J. ExpLMed. 1 15-453 et seq. 1962). Fibroblasts were placed In the solution In one half of the Boyden 
25 chamber, while the platelet release products were dissolved at low concentrations In the second half of the 
chamber. The two halves of the chamber are separated by a semipermeable membrane. Migration of the 
fibroblasts to and through the semlpemneable membrane is subsequently noted by microscopic examination. 
In table 2, below, there is presented some data obtained from a series of Boyden chamber tests on a number 
of concentrations of platelet release products. 



Material tested fold increase In 

chemotaxis over 
control 

control (saline) 1 
platelet release 1 uL Z5 
platelet release 10 uL 14 
platelet release 20 uL 17 



In another test the capacity of platelet release products to Induce anglogenesls was examined by the rabbit 
cornea implant assay, described In GImbrone Jr MA. Cotran RS. Leapman SB. Foikman J. J Natl C^cer 
Inst 52: 413-427, 1974. The test solution was mixed with an equal volume of Hydron (Hydron Laboratoiles, 

45 New Brunswick. N.J.). dropped In 20 uL allquots onto a polyethylene sheet, then dried under vacuum. The 
resulting pellets of polymerized Hydron containing platelet release products were Implanted in corneas 2 mni 
proximal to the superior fimbus. The eyes were evaluated every day for 14 days after Implantation. Growth of 
capillaries from the llmbus toward or Into the Implant was considered positive for angiogenesis. Angiogenic 
response was scored blindly on a 0-4 relative scale. A normal or negative eye was scored as 0, whereas a 

5Z? maximal response was scored as 4. Results of this test are summarized In the following table. 

test material angiogenic response 

saline 0 
55 platelet release 1 uL 1 
platelet release 3 uL 2 
platelet release 10 uL 4 

It is evident from the above table that platelet release products can effect a powerful angiogenic response. 
60 The collagen in this preparation serves two major functions. It forms fibers that provide tracks on which cells 
move preferentially, and thus facilitates and enhances the cellular response to platelet release products. In 
addition, it constitutes a matrix that retards the diffusion of the platelet release products away from the wound, 
thus ensuring their prolonged activity. 

65 
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Example 4 , . 

To test the effect of collagen-platelet preparation on the closure of an actual skin wound in-vivo, 
full-thickness skin defects on the back of guinea pigs were treated with either of the following: 

a. collagen only (the same as in PVA experiments) 

b. platelets only (6 x 1 oe/ml) 

c. collagen + platelets (the same as in PVA experiments) 

d. untreated 

The effect of the different treatments on healing was followed daily by measuring the wound area and 
histologically after ten days by measuring the advance of epithelialization using a micro grid put into the 
eyepiece of a microscope. 

Rnally, to test the effect of the complete collagen composite of the healing process, another series of 
guinea pigs were wounded and treated with the collagenrplatelet mixture to which 0,26 mi/mf of a 
perfluorociarbon compound designated FC-45 (purchased from Sigma) was added after being emulsified with 
lecithin in an oil/water emulsion In which the concentration of the dispersed phase was 20-60 percent. 

In the experiments with PFC. the complete collagen composite was prepared by adding 0^6 ml of the 
emulsion to each ml of the collagen-platelet mixture, usually by adding one ml of PFC to 4 ml of the 
collagen-platelet mixture, all in a sterile 10 ml air-tight vial from which the air had been replaced by oxygen 
streamed-in with a syringe needle. The vial was well shaken before the contents had been drawn from it for 
application onto the open wounds. Some wounds were treated with PFC only. The results are summarized on 
Table 1. 



10 



IS 



20 



Mode of 
treat- 
ment 



TABLE 1 

percent of wound area closed after day 



Un- 
treated 
Col- 
lagen 
only 
Pla- 
telets 
only 
PFC 
only 
Col- 
lagen -h 
Platelets 
Col- 
lagen + 
Platelets 
+ PFC 



relative 
epithe- 
lial 
adr 
vance 
at day 
10 



1 


2 


3 


4 


5 


6 


7 


8 


9 


to 




7.2 


15.6 


20.2 


25.2 


34.0 


41.2 


56.3 


59.3 


64.5 


72.4 


2.4 


12.8 


21.4 


24.2 


31.7 


44.6 


53.8 


63.2 


70.5 


74.8 


80.0 


3.8 


8.5 


12.6 


21.0 


26.4 


32.6 


43.7 


51.8 


57.3 


66.1 


69.9 


2.6 


11.8 


19.9 


21.4 


29.8" 


31.7 


47.8 


58.1 


64.2 


70.5 


73.4 


2.0 


174 


24.3 


36.7 


475 


58.0 


67.3 


79.5 


84.0 


94.8 


100 


8.2 


















(com- 






















plete) 


24.0 


30.6 


42.5 


59.4 


78.2 


86.6 


90.5 


100 


100 


100 


8.9 




















(com- 






















plete*) 



* A conspiojous feature of the epithelium In this group was its almost nonnal thickness and the presence of 
well formed rete pegs. 
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It will be evident to those skilled In the art that the Invention Is not limited to the details of the foregoing 
illustrative examples and that the present Invention may be embodied In other specific forms without cjepartlng 
from the essential attributes thereof, and it is therefore desired that the present embodiments and examples 
be considered in all respects as Illustrative and not restrictive, reference being made to the appended claims, 
rather than to the foregoing description, and all changes which come within the meaning and range of 
equivalency of the claims are therefore Intended to be embraced therein. 
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1. A storage stable lyophilized collagen product comprising acid soluble purified native collagen In 
combination with platelet derived growth factors. ^ ^ . ^ . 

2. A storage stable lyophilized collagen product according to claim 1 further comprising a 
perfluorocarbon compound and a non-toxic pharmacologically acceptable emulsifying agent therefor. 

3. A storage stable lyophilized collagen product according to claim 2 wherein said perfluorocarbon 
compound Is perfluorotripropylamine, cis- and trans-perfluorodecalin, perfluoroisopentyltetrahydropy- 
rane. pertluoro-N.N-dimethylcyclohexyl amine, perfluoro-1 -methyl decaline or perfluorotributylamine; 
preferably cisrperfiuorodecaiin, trans-perfluorodecalin. perfluoro-1-methyl decalin. perfluorotnpropy- 
lamineorperfluoro-tributylamine. « u • 

4. A storage stable lyophilized collagen product according to any one of claims 1 to 3 wherein said 
emulsifying agent Is lecithin. Tween 80 or Pluronic F-68; preferably lecithin. 

5. A pharmaceutical or veterinary composition for enhancing wound healing comprising an aqueous 
solution of water soluble acld-solubie purified native collagen and platelet derived growth factors, 
optionally further defined by the specific feature(s) of any one or more of claims 2 to 4. said 
perfluorocarbon compound if present being In the fonii of an emulsion and optionally being substantially 
saturated with molecular oxygen. 

6. A process for preparing a storage stable lyophilized collagen product comprising acid soluble 
purified native collagen In combination with platelet derived growth factors comprising: 

a) combining acid soluble collagen with platelet rich plasma; 

b) Incubating said mixture at a temperature of about 34 to 37.6''C for a period of about 30 to 60 
minutes until the fomiatlon of a solid gel; . . 

c) cooling said gel at a temperature of about 0 to 4*»C for a period of about 60 to 120 minutes, 
whereupon said gel undergoes dissolution; 

d) centrifuging the resulting solution at 16.000^5.000 RPIA for 15-25 min. to remove insoluble 
collagen, platelet membranes and cell debris whereby there is obtained a supernatant containing 
soluble collagen and platelet release products, and 

e) lyophilizing said solution to form a stable lyophilized product 

7. A process for preparing a storage stable lyophilized collagen product according to claim 6 
comprising the additional step of combining the solution of step d with an emulsion of a perfluorocarbon 
compound and a non-toxic pharmacologically acceptable emulsifying agent and then lyophilizing the 
resulting emulsion solution to fonii a stable lyophilized product. 

8. A process for preparing a pharmaceutical or veterinary composition tor enhancing wound healing 
comprising: 

a) combining acid soluble collagen with platelet rich plasma; 

b) incubating said mixture at a temperature of about 34 to 37,5*»C for a period of about 30 to 60 
minutes until the formation of a solid gel; ^ 

c) cooling said gel at a temperature of about 0 to 4°C for a period of about 60 to 120 minutes, 
whereupon said gel undergoes dissolution; 

d) centrifuging the resulting solution at 15,000-35.000 RPM for 15-25 mln. to remove insoluble 
collagen, platelet membrBnes and cell debris whereby there is obtained a supernatant containing 
soluble collagen and platelet release products Including platelet derived growth factors; 

e) combining said solution with a perfluorocarbon compound and a phamnacologlcally acceptable 
emulsifying agent; and ^ 

f) Introducing molecular oxygen Into said solution to combine with said perfluorocarbon 
compound, whereby said perfluorocarbon compound serves as an oxygen carrying and releasing 
agent in said composition. 

9. The use of platelet derived growth factors In the manufacture of a collagen-containing medicament 
for the enhancement of wound healing. , * , * • u 

10. The use according to daim 9 wherein an acid soluble collagen is initially mixed with platelet nch 
plasma to derive said platelet derived growth factors. 



